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NEWLY IDENTIFIED RESONANCE LINES OF N i  XDC, Cu xx and Zn xxi 
U. Feldman", L.  Cohen, and M .  Swartz 
Goddard Space F l i g h t  Center  
Greenbel t ,  Maryland 
ABSTRACT 
Using a graz ing  inc idence  spectrometer  and a low inductance 
condensed spark  sou rce ,  t h e  au thors  have observed s p e c t r a  of 
N i  XIX, Cu xx and Zn xxi. By e x t r a p o l a t i n g  t h e  known d a t a  of t h e  
N e  1 i s o e l e c t r o n i c  sequence,  t h e  new l i n e s  have been i d e n t i f i e d  
a s  belonging t o  t r a n s i t i o n  a r r a y s  between t h e  ground l e v e l  
2 . 8 2 ~  6 '  S, and t h e  fo l  l.owizlg e l e c t r o n i c  c o n f i g u r a t i o n s :  2 s a 2 # 3 s ,  
2s22ps3d, and 2s2pC3p. 
t h e  s o l a r  corona. 
Some of t h e s e  l i n e s  maybe emi t ted  from 
. -  
r 
*NASA - Nat iona l  Academy of Science,  Nat iona l  Research Council  
P o s t d o c t o r a l  Research Assoc ia te .  
- - 
Lines c l a s s i f i e d  a s  be longing  t? t h e  N e  1 i s o e l e c t r o n i c  sequence 
4 
have been r e p o r t e d  f o r  i o n s  up t o  Co x v l l l  f o r  the fo l lowing  t r a n s i t i o n  - -  . 
a r r a y s :  
(Tyren 1938). 
copper ( C u ) ,  and z i n c  (Zn) a s  belonging t o  t h i s  i s o e l e c t r o n i c  sequence. 
2 k 2 p S 3 s , 3 d ,  4d and 2s2pb3p t o  t h e  ground l e v e l  2#2p' IS, 
W e  have recorded and i d e n t i f i e d  l i n e s  of n i c k e l  ( N i ) ,  
The sources  used was a vacuum spa rk  chamber w i t h  e l e c t r o d e s  made 
of t h e  elements under i n v e s t i g a t i o n .  The low induc tance  d i scha rge  
c i r c u i t  cons i s t ed  of a 14 UF c a p a c i t o r  charged t o  12 kV, and t r i g g e r e d  
by t h e  d ischarge  of a t e s l a  c o i l  placed n e a r  t h e  ground e l e c t r o d e .  The 
s p e c t r a  were recorded  on Kodak SWR g l a s s  p l a t e s ,  u s ing  a modified 
J a r r e l l - A s h  3-meterY 88 degree  ang le  of i n c i d e n c e ,  spec t rometer .  The 
g r a t i n g  was a Bausch and Lomb gold  r e p l i c a  having 1200 l i n e s  per  mm, 
and blazed a t  2'35'. To e l i m i n a t e  e x c e s s i v e  background fogging of t h e  
p l a t e s  i n  t h i s  range  of wavelengths ,  aluminum and formvar f i l t e r s  each  
of about 2000 A t h i c k n e s s  were p laced  between t h e  g r a t i n g  and t h e  e n t r a n c e  
s l i t .  
0 
With t h i s  equipment it was p o s s i b l e  t o  r e c o r d  1 i n e s . o f  N i ,  Cu ,  and 
Zn between log and 142. 
appeared i n  t h e  second o r d e r ,  e n a b l i n g  u s  t o  determine t h e i r  wavelengths 
by comparison w i t h  t h e  known l i n e s  of C v ,  0 vi1 and Fe x v i i .  By 
p l o t t i n g  t h e  known d a t a  of t h e  N e  1 i s o e l e c t r o n i c  sequence and e x t r a -  
p o l a t i n g  t o  the e lements  N i ,  C u ,  and Zn (F ig .  1) we  have been a b l e  t o  
Most of t h e  l i n e s  of t h e  observed s p e c t r a  
- .  
i d e n t i f y  t h e  l i n e s  (Table 1). The l i n e s  belong t o  t r a n s i t i o n s  between - 
Figure 1:  Reduced energy level diagram v/c v s .  5 of the N e  1 i soe lectronic  sequence, 
where v i s  the wave number in cm-' and i s  the spectrum number. 
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t h e  three e l e c t r o n i c  c o n f i g u r a t i o n s  2 2 2 6 3 9 ,  2 8 2 $ 3 d ,  2s2#3p and t h e  
ground l e v e l  2 2  2 3  'So. 
of t h e  new l i n e s  a r e  g iven  i n  Table 1. I n  Table 2 . a r e  given t h e  t e r m  
v a l u e s  and t h e  2 2  2p5%&1imit. 
Wavelengths, wave numbers, and v i s u a l  i n t e n s i t i e s  - 
W e  have used  LS coupl ing  d e s i g n a t i o n s  
because f o r  t h e s e  s t a g e s  of i o n i z a t i o n  t h e  c o n f i g u r a t i o n s  a r e  f a r  from 
p a i r  coup l ing ,  u n l i k e  n e u t r a l  N e  (Kastner e t  a l .  1966) .  
The r e l a t i v e l y  h igh  abundance of n i c k e l  i n  t h e  sun g i v e s  u s  r eason  
t o  b e l i e v e  t h a t  some of t h e  i n t e n s e  l i n e s  of N i  xxmay e x i s t  i n  t h e  
s o l a r  corona. 
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Table 2 Energy scheme for terms in Ni xix Cu xx and Zn xxi 
CONFIGURATION DESIGNATION J Ni xix(cm-l) Cu xx(cm'') Zn xxi(c.nll - ' 
3y6 lso 
3 2  Po 
3s PIC 
1 
3 
3d P,O 
3d 3D0 
A 
3d *P," 
3p 3Pc 
3p PO 
1 
A 
0 0 
1 7128000 
1 7262000 
1 7813000 
1 7911000 
1 8052000 
1 8628000 
1 8673000 
12477000 
- 6 -  
0 
7800000 
7962000 
8525000 
8621000 
8787000 
9390000 
9434000 
13695000 
0 
8503000 
8688000 
9259000 
937 2000 
9551000 
10235000 
14969000 
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